A major instrumental limitation to rapid, "random-access" clinical analysis has been cross-contamination at sampling and reagent probes. Use of an immiscible, nonreactive fluid as a positive barrier between the liquid sample and reagent and the interior and exterior surfaces of their respective probes provides an inert, deformable surface that both prevents carryover and ensures accurate delivery.
tions, the fluid does not affect the ensuing analysis. Application of this technology to the Technicon RA-1000 (trademark of Technicon Instruments Corp.) system allows transfer of a liquid sample and any of 14 liquid reagents to the reaction vessel with a carryover of less than 1/ 106 with a precision (CV) of 0.5%. Its use provides for a rapid analysis rate of 240 tests per hour, and for transfer of microliter quantities of serum, with carryover of less than 1/8000, again at an average CV of 0.5%.
AddItIonal Keyphrases: perfluoropolymers and perfluorocarbons as inert analytical rnaterla!s variation, source of#{149} canyover
The impact of carryover (cross-contamination) at sampling probes has been to limit the flexibility and throughput of continuous-flow and discrete clinical analyzers (1) . Since the introduction of the first automated analyzers, carryover and sampling precision have been two factors governing system design and performance (2) . In particular, carryover among the wide variety of reagents used has required that most discrete systems operate on a "batch" mode, in which all samples requiring a given test are analyzed together and the samples regrouped for subsequent tests. Alternatively, a "mix-andmatch" approach to testing frequently requires a wash station at which the probe is laundered between tests, again reducing throughput and increasing the mechanical complexity of the system. The technology we describe in this paper alleviates the necessity for both sample batching and probe laundering, Technicon Instruments Corp., Tarrytown, NY 10591.
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while maintaining high throughput and extremely good precision of sampling for reagents and samples.
This approach, which has been termed "random-access" analysis, to distinguish it from the other modes of discrete analysis, is based on a principle of selective wetting of surfaces by liquids. In the system described, the problems of carryover are obviated by a film of inert, immiscible fluid that covers all probe surfaces and ensures total transfer of sample or reagent from the storage container to the reaction container.
Aspects of the technology pertaining to performance and operation of the sampler will be discussed here; details of colorimetry, sample incubation, methodology, and the like will be published separately.
Theory
The historical description of the interactions between a sessile liquid drop and the solid surface on which it rests was given by Young (3) as:
where Ysv, and Ylv are, respectively, the interfacial tensions between the solid and the surrounding vapor, the solid and the liquid, and between the liquid and the vapor; 0 is the contact angle formed between the liquid droplet and the solid. The interfacial tensions involving the liquid have the units of dyn/cm (tiN/cm), and are numerically equivalent to the surface free energy of the solid (Ysv) expressed in erg/cm2 (zJ/cm2). Surface free energy measurements of solids, however, are usually determined by measurement of the contact angles formed with liquids of known surface tension, and are severely complicated by surface contamination, roughness, and adsorbed monolayers. As a result, rigorous treatment of surface wettability is seldom attempted, and much of surface chemistry is stifi empirical. The following discussion illustrates the qualitative principles of surface wettability as they apply to the technology of our sampler. If the surface tension of the liquid is significantly higher than the surface energy of the solid, the resulting contact angle is large and the liquid droplet "beads up" (Figure 1, top) , as in the case of water on a freshly waxed surface. If the difference between the two values is made sufficiently small, either by choosing a solid of high surface energy or a liquid with low enough surface tension, the contact angle will approximate zero degrees and the liquid will spread over the surface to form a thin film (Figure 1, center) . This is equivalent to the familiar examples of water droplets spreading on an unwaxed paint surface and rinse water "sheeting" as it drains from very clean glassware. The materials used for the random-access analytical technique are unusual in that the solid is a perfluoropolymer having one of the lowest surface energies known (and therefore one of the hardest materials to wet), while the liquid isa perfluorocarbon, of still lower surface tension, which is able to wet completely the solid surface. In addition, owing to the relatively large difference in surface tension between the fluorocarbon and water, and to the structural similarities of the fluorinated materials, the fluorocarbon will preferentially wet the solid surface and displace water from it (Figure 1,  bottom) . This selective (and complete) wetting of the surface by the fluorocarbon ensures that adjacent aqueous liquids will contact only the fluorocarbon and not the solid surface (4, 5) .
As shown later in the series of photographs, the fluid forms a continuous film between the probe surfaces and the red-dyed liquid sample. In operation, the entire sample, together with a small amount of the fluid, is dispensed into a reaction Cuvette.
Materials and Methods

Instrumental characteristics.
To illustrate the techniques used for evaluation of the principle, we used the Technicon RA-1000 system (5). Figures 2 and 3 indicate the flow diagram of the system, and the timing for normal operation. The following description greatly simplifies the sequence of system operation, omitting many details not particularly relevant to the sampling system. An instrument cycle begins with both sample and reagent probes poised above their respective containers, with both syringe pumps in the discharged condition, and with both sample and reagent lines filled with fluorocarbon (Technicon T01-1300 Random Access Fluid"). A small air bubble is aspirated through each probe tip by partial operation of the syringe pumps, after which the probes are lowered into the liquids. The aspiration cycle continues as the specified volumes of sample (2 to 20 iL) and reagent (300 L) are pulled into the tubing by the syringe pumps. After aspiration, the probes are raised and moved horizontally until they are over the cuvettes on the reaction tray. The probes are lowered into the cuvettes, and their contents discharged by the syringe pumps. A small amount of the fluid is also dispensed by abrief operation of the peristaltic pumps. Finally, the probes are again raised and moved horizontally while the reagent and sample trays complete their rotation to the position appropriate for the next analysis. With this sequence, the "random access" feature of the system is maintained while providing relatively high throughput rates. The sequence of a dispense cycle is shown in Figure 4 . These are photographs of a 3-jL sample being discharged from a sample probe. In Figure 4a , the sample is fully withdrawn into the probe, and the air bubble that separates it from the fluorocarbon fluid is not visible. Figure 4b shows the sample moved down by the flow of fluid and the air bubble above it. The flow continues, and in Figure 44 the aqueous droplet has just been dislodged from the probe tip. Although the photographic sequence of the probe ends with Figure 4f , additional fluid is dispensed, causing the discharge of the small air bubble as well.
Other apparatus. Carryover evaluation.
In the carryover experiments, the probe was first immersed into a dyed liquid, the liquid was aspirated and discharged, and the amount of carryover measured by a second transfer through a similar sequence in which clear water was the solution used. We subsequently measured the amount of dye present in the second cuvette by comparing the absorbance at 516 nm with that of accurate, manual dilutions of the dye. For the serum carryover tests we used a 100 g/L solution of Eosin Y in human pooled serum; reagent carryover was estimated with a 200 g/L aqueous solution of Eosin Y with a nonionic surfactant added.
Sample precision. The reproducibility of sample aspiration and dispensing was evaluated by using the sample probe to dispense 3-giL aliquots of a 5.0 g/L potassium dichromate solution into accurately dispensed 300-giL aliquots of 5 mmol/L sulfuric acid diluent. The absorbance of the resulting solutions was measured at 360 nm with the Beckman spectrophotometer.
Results and DiscussIon
Carryover.
Owing to the operational sequence of the instrument, three separate types of carryover must be evaluated. First, as in most instruments, sample-to-sample carryover at the sample probe must be studied to determine the influence of one sample on the sample following it in sequence. Results from a series of 11 experiments of 20 observations each are shown in Table 1 . To evaluate the system under worst-case conditions, we used a sample volume of 21 iiL for both the first and second dispensing, but the results were calculated as if the second sample volume were 3-iL (the actual sample volumes used for analysis have since been revised to the range of 2 to 20 tL). In this way, we can assess the impact of carryover from a maximum sample on a following minimum sample. The results, expressed as the percentage of the first sample found in the cuvette for the next test, are uniformly less than 0.05%, corresponding to a physical carryover of less than 1.5 nL for 3-jL samples.
Reagent-to-reagent carryover. Because a single probe is required to transfer all reagents in any order, the amount of reagent carryover is critical. As in the sample studies, carryover is calculated from the test absorbance as compared with those for manual dilutions of the original dye solution. Because of the extremely low carryover observed, the results shown are expressed in parts per million. This is not a concentration unit for the amount of dye found, but rather a calculation of the ratio of material carried over to the total reagent present in the test. Although the data shown are rounded to reflect the variability of results, the detection limit of this measurement for reagent carryover was about 0.01 ppm. Results for 11 experiments of 20 observations each are shown in Table 2 , with a mean and worst value for each experiment. Of the observations listed, the grand mean is less than 1 ppm, and the worst case is 6.9 ppm.
Sample-probe carryover of reagent. After verifying the integrity of a cuvette, the instrument dispenses the appropriate reagent into the cuvette and makes an absorbance measurement to establish a reagent baseline. After the reaction tray rotates, the probe is immersed in the reagent contamed in the cuvette, and sample is dispensed. Because of this contact between the sample probe and reagent, one must asseas the carryover both into the next sample cup and into the cuvette for the next test. Table 3 lists the amount of material carried over into the following test cuvette for a series of six Table 4 . The pooled precision (CV) within runs averages 0.49%, and between runs 0.73%. Total sampling imprecision, considering both within-run and between-run variations, is 0.88%. The results shown are for a sample volume of 3 iL; similar results have been obtained for samples of 2 to 21 fLL.
Accuracy.
Although the exact amount of sample and reagent aspirated is generally of less concern, especially where biological calibrants are used, the growing acceptance of absolute calibration for enzyme analysis, based on molar absorptivities, imposes additional constraints on sampling accuracy. In this case, the item of concern is the accuracy of the dilution ratio in the fmal volume for which absorbance values are obtained (assuming that the variations that occur are not __________________________________________________ sufficiently large to cause substrate depletion). The major constituent of the dilution ratio error is sample volume im- Table 3 . Reagent Carryover at the Sample Probe precision, as detailed above, and the total error in the dilution Average ratio has been established as less than 1.0%.
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